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Abstract 
This study assessed the feasibility of across-country genetic evaluation of dairy cattle in sub-Saharan 
Africa where data on livestock production are scarce. Genetic parameters were estimated for the 305-day 
milk yield in the first lactation and across five lactations, for age at first calving and for interval between first 
and second calving. Estimated breeding values of individual animals for these traits were calculated. There 
were records from 2 333, 25 208, and 5 929 Holstein cows in Kenya, South Africa, and Zimbabwe, and 898 
and 65134 Jersey cows from Kenya and South Africa. Genetic gain from sire selection within and across 
countries. was predicted Genetic links between countries were determined from sires with daughters that 
had records in two or more countries, and from common ancestral sires across seven generations on both 
the maternal and paternal sides of the pedigree. Each country was treated as a trait in the across-country 
evaluation. The results showed that genetic variance and heritability were not always estimable within 
country, but were significantly different from zero in the across-country evaluation. In all three countries, 
there was greater genetic gain in all traits from an across-country genetic evaluation owing to greater 
accuracy of selection compared with within country. Kenya stood to benefit most from an across-country 
evaluation, followed by Zimbabwe, then South Africa. An across-country breeding programme using joint 
genetic evaluation would be feasible, provided that there were genetic links across countries, and would 
provide a platform for accelerated genetic progress through selection and germplasm exchange between 
sub-Saharan African countries. 
______________________________________________________________________________________ 
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Introduction 
Genetic improvement of dairy cattle in sub-Saharan Africa has been driven mainly by the importation 
of foreign (exotic) breeds for pure breeding and crossbreeding with indigenous breeds (Chagunda et al., 
2015). Breeds that are used for dairy production are sourced as live animals or as semen, mainly from USA, 
Canada, Europe, Australia and New Zealand (Maiwashe et al., 2006). Holstein is the most common exotic 
breed for milk production in sub-Saharan Africa (Banga, 2009), followed by Jersey, Ayrshire and Guernsey. 
Jerseys are popular because of the high butterfat content of their milk and their lower maintenance costs 
because of their smaller size. Currently, most countries of sub-Saharan Africa do not have clear breeding 
programmes to support dairy production owing to the lack of national livestock performance monitoring 
databases (Rege et al., 2011; Ojango et al., 2017). In some cases, data may exist but not be well 
documented. The genetic potential of dairy cattle is not fully achieved as a result of inadequate genetic 
improvement strategies and the lack of dynamic management systems and practices. Several studies 
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reported low phenotypic yields and near zero genetic progress over time (Makgahlela et al., 2007; Scholtz et 
al., 2013). 
South Africa and Kenya rank among the top milk producing countries in Africa, whereas Zimbabwe 
ranks in the middle (Dolecheck & Bewley, 2015). Although these countries are dispersed geographically, 
they are unique in their efforts to implement dairy production and to support informed breeding programmes. 
South Africa has the highest milk yield per cow, with opportunities to export to other countries (Chari & 
Ngcamu, 2019). However, there is limited government support for milk trade with other countries. South 
Africa is often used as the main reference point for dairy improvement in Africa because countries such as 
Kenya, Zimbabwe and Rwanda source South African animals to improve their national dairy herds. Kenya 
and Zimbabwe may also serve as reference points for genetic evaluations in other countries of Africa.  
Milk production in Kenya and Zimbabwe varies through the year being generally driven by the rainfall 
pattern. The seasonality in the milk supply results in these countries importing milk products to meet market 
demands (Njarui et al., 2010; Mugweni & Muponda, 2012). Dairy productivity throughout Africa must be 
expanded to avoid dependence on imported dairy products. For the past three decades, South Africa has 
been the major driver for dairy genetic improvement strategies in Africa (Chari & Ngcamu, 2019) as a result 
of effective animal data and performance recording, well-organized breeding schemes, and breed-specific 
sire selection, which have led to genetic progress and good herd health and management. Large-scale 
commercial dairy farms in South Africa would be comparable with modern farms in Europe and the USA.  
In Kenya, dairy production has improved through the efforts of national institutions that work in 
collaboration with development partners. Notable interventions from 2000 include the Smallholder Dairy 
Development Programme, which was implemented by the Ministry of Livestock Development in collaboration 
with SNV (The Netherlands), International Livestock Research Institute (ILRI), which is co-hosted by Kenya 
and Ethiopia, and the East Africa Dairy Development programme (EADD) (EADD, 2009; Gibson et al., 2013; 
SNV, 2013). On-farm production data in Kenya is maintained by the Kenya Livestock Breeders Association 
(KLBA), which works with national and private institutions (Kosgey et al., 2011).  
Zimbabwe’s dairy sector was driven by large-scale commercial producers until 2000 when land 
redistribution and reform programmes were implemented, leading to a drastic decline in the national dairy 
herd (SNV, 2016). Changing macroeconomic policies and drought-induced constraints in 2007 led to a 
further decline in the country’s dairy sector. Smallholder dairy production in Zimbabwe is developing, 
although animal performance in the sector is low. There are on-going initiatives to rebuild the dairy herd with 
its supportive infrastructure (SNV, 2016).  
The potential benefit from across-country collaboration has been well demonstrated (Banos & Smith, 
1991). Opportunities to exploit genetic connectedness in across-country genetic evaluations were illustrated 
in analyses by Lidauer et al. (2015) of Nordic Red and Jersey, and by Pabiou et al. (2014) for Limousine and 
Charolais. Across-country genetic evaluations are currently available through the International Bull Genetic 
Evaluation Service (Interbull, Uppsala, Sweden). These evaluations are made possible through systematic 
genetic improvement programmes within country and collaboration between countries. South Africa is the 
only country from sub-Saharan Africa that currently participates in Interbull. The Interbull model, to a large 
extent, uses individual country genetic evaluations as the raw material for further evaluation and ranking of 
animals. But instead of using the Interbull model as a ‘blueprint’, the African scenario may well use individual 
performance data as the raw material for genetic evaluation, because currently few countries perform within-
country genetic evaluations.  
The hypothesis for the present research is that joint genetic evaluation across countries in sub-
Saharan Africa will generate more accurate genetic parameters of traits and EBVs of animals, and increase 
the relative rate of selection response compared with national genetic evaluations. The objectives of the 
study were i) to calculate and compare within- and across-country genetic parameters for production and 
reproduction traits using data from Kenya, South Africa and Zimbabwe; ii) to estimate and compare the 
breeding values of individual animals from within- and across-country genetic evaluations; and iii) to quantify 
the predicted genetic gains from sire selection based on these genetic evaluations. 
 
Materials and Methods 
Performance and pedigree data were obtained from key livestock recording organizations in the three 
countries, namely the Agricultural Research Council (ARC) in Pretoria, South Africa, Kenya Livestock 
Breeders Association (KLBA), Kenya, and the Livestock Identification Trust (LIT) in Harare, Zimbabwe. Data 
comprised test-day milk production records for Holstein and Jersey cattle from 1979 to 2014. The initial data 
had 358 327, 10 767 516, and 260 747 test-day milk records for up to five lactations in Holstein cattle from 
Kenya (1979 - 2014), South Africa (1997 - 014), and Zimbabwe (1998 - 2012), respectively. Data for Jersey 
cattle comprised 46 242 and 1 858 021 test-day milk records for animals in Kenya and South Africa, 
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respectively, and none for animals from Zimbabwe. The data included reproductive events for individual 
animals being milked, age at first calving (AFC) and the interval between first and second calvings (CI1).  
The data were edited in R package (R Core Team, 2013) using these criteria. Cows whose record did 
not include information of the first lactation, date of birth, test-day date, date of calving, and herd location 
were excluded from the analysis. Age restrictions within parities were in line with those used in the South 
African National Dairy Genetic Evaluations (Mostert et al., 2006), whereby the maximum age at first calving 
is 48 months and the minimum inter-calving interval is 300 days. Lactation milk yield that was less than 305 
litres was not included (Makaglela et al., 2007; Banga, 2009). Sires were required to have at least five 
daughters in a given country. Common sires between countries were defined as those with daughters with 
records in at least two of the countries. For each breed, additional genetic links were determined through 
common ancestors of sires that were traced over seven generations of the pedigree. 
Contemporary groups were formed based on the interaction between herd, year and season of calving 
(HYS). In South Africa, two calendar seasons of calving were defined (Mostert et al., 2006), namely a cool 
dry season from April to September and a warm wet season from October to March. In Kenya, the dry 
season was from December to March and from July to October, whereas the wet season was from April to 
June and November (Ojango & Pollott, 2002). In Zimbabwe, the wet season was from September to April, 
whereas the dry season was from May to August (Gusha et al., 2013). An HYS group was required to have 
at least three cows. 
Data from cows with at least six test-days (Bilal & Khan, 2009) were used to calculate the 305-day milk 
yield for Kenya and Zimbabwe using the test interval method (TIM) (International Committee for Animal 
Recording (ICAR) (ICAR, 2003). The 305-day milk records were available directly for South Africa. Hence 
these were not calculated. 
 
            
     
 
     
      
 
         
        
 
       
 
Where:      = 305-day lactation milk yield (litres)  
           kg milk yield in 24 hours on the recording day;  
            = days between recording dates;  
   = days between the lactation period start date and the first recording date; and 
   = days between the last recording date and the 305th day of lactation. 
 
An individual animal model was initially used to analyse 305-day milk yield in the first five lactations 
within country and breed using the model  
 
                   (   )                     
 
Where:       = an observation of milk produced by animal l in lactation i; 
      = fixed effect of herd j in which animal l was born;  
     = fixed effect of the kth herd-year-season in which the observation was produced;  
  (   ) = fixed regression on calving age of animal l nested within lactation number   ; 
        = random additive genetic effect of animal l; 
    = random permanent environment effect for animal l; and 
      = random error term. 
 
The 305-day milk yield in the first lactation only was analysed with a model similar to model equation 2 
without the effects of lactation number and permanent environment. Reproduction traits (AFC and CI1) were 
analysed with a similar model to the first lactation 305-day milk yield. The calving age was excluded from the 
analysis of AFC. Variance component estimates for the random effects in the model were obtained with 
ASReml® software (Gilmour et al., 2009) and were used to estimate the heritability and repeatability for each 
trait in each breed and country.  
The EBVs of sires were derived through the analyses of these traits. Sire EBV reliability was computed 
as a function of prediction error variance for each sire and genetic variance of each trait. Subsequently, 
Pearson’s correlations were calculated (Sedgwick, 2012) between EBVs of sires with daughters in multiple 
countries These correlations were adjusted for sire EBV reliability (Calo et al., 1973) to derive approximate 
estimates of genetic correlation between country pairs as: 
 
  = 
  
√             
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Where:    = approximate genetic correlation; 
    = correlation between sire EBVs in the two countries; 
      = average reliability of sires in country 1; and 
      = average reliability of sires in country 2. 
 
 Across-country analysis was implemented by pooling data from multiple countries within breed. 
These analyses were conducted for each trait using a model similar to equation 2 with an additional fixed 
effect of country. Variance components, genetic parameters and sire EBVs were derived from across-country 
analyses. Sire EBVs were averaged by year of birth of sire to estimate genetic trends for each trait, breed 
and country. 
 Genetic variance estimates, sire EBVs and reliabilities from the analyses were used to predict 
genetic gain per generation for each country, trait and breed, based on sire selection within- and across-
country (Rendel & Robertson, 1950):  
 
         
Where:   = predicted genetic gain per generation (response to selection) 
  = selection intensity 
  = accuracy of selection (square root of EBV reliability) 
   = square root of genetic variance estimate for a specific trait 
 
It was assumed that sires with a minimum EBV reliability of 30% were used as selection candidates. 
Various selection intensities were tested based on the top 5, 10, 25, 50, 75, and 100 sires. In each case, 
selection intensities were calculated after accounting for the number of candidates and a finite population 
size. The genetic gain that was predicted to be achieved from within-country selection was compared with 
that from across-country selection. 
 
Results and Discussion 
After edits, data comprised 30% 75%, and 45% of the original data that had been received from 
Kenya, South Africa, and Zimbabwe, respectively. Seventy per cent was from the Holstein and Jersey 
breeds in South Africa (Table 1). The coefficient of variation for 305-day milk yield ranged from 29% to 32% 
in the Holstein, and was 25% in the Jersey. The average 305-day milk production by the Holsteins in South 
Africa was 60% higher than that in the other two countries. South African Jersey cows calved for the first 
time at the youngest age (861 days), and the average CI1 was lowest for animals in South Africa. The 
coefficient of variation for CI1 in Holsteins ranged from 22% to 42% in South Africa and Kenya. The 
coefficients of variation for early reproduction traits in Jerseys was lower in South Africa (AFC = 15%; CI1 = 
23%) compared with Kenya (AFC = 17%; CI1 = 33%). 
There were 35 and 771 Jersey sires with daughter performance records in Kenya and South Africa 
and 103, 505 and 236 Holstein sires with daughter performance records in Kenya, South Africa and 
Zimbabwe, respectively. It was evident from the pedigree data that some Holstein and Jersey sires were 
used across the three countries. Table 2 presents the sires and other ancestors that were common to 
multiple countries for Holstein and Jersey animals in terms of maternal and paternal gene flow over seven 
generations. Holstein had the greatest number of sires in common across countries, which were used in 
South Africa and Zimbabwe, followed by those in Kenya and South Africa. For the Jersey breed, one sire 
was common to Kenya and South Africa (Table 2), but 30 sires had common ancestry between these 
countries. 
There were substantial additional links across the Holstein and Jersey cattle in the three countries 
through common ancestors. Most of the common sires of both breeds originated from USA, Canada, New 
Zealand, Netherlands, United Kingdom and Australia. 
In some instances, it was not possible to properly de-compose the total phenotypic variance within 
country, which led to genetic variance and parameter estimates that were non-significantly different from 
zero or non-attainable (all traits in Kenya, both breeds; CI1 in Zimbabwe Holstein and AFC in South African 
Jersey). All the variance components were estimable in the across-country analyses and the genetic 
parameter estimates were significantly different from zero (P<0.05) for all traits except for AFC in the Jersey. 
The across-country genetic analyses yielded estimates with smaller standard errors compared with within-
country. Genetic parameter estimates for milk production and reproduction traits derived within- and across-
countries are presented in Table 3. 
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Table 1 Data structure and average productivity levels (mean ± SE (CV%)) for Holstein and Jersey cattle in 
Kenya, South Africa and Zimbabwe used for genetic analysis 
 
Breed 
Kenya South Africa Zimbabwe 
Holstein Jersey Holstein Jersey Holstein 
      
Number of lactations  2333  898  25 208  65 134  5,929  
Number of cows with records 1058  332  1 384  26 374  3,738  
Number of sires of cows 103  35  505  771  236  
Average number of 
daughters per sire 
10 
 
10 
 
25 
 
34 
 
16 
 
Number of dams of cows 630  293  10 954  2040  3,209  
Number of calving herds 62  3  266  240  40  
Average 305-day milk yield 
across 5 lactations, litres 
5287 ± 32.67 4623 ± 26.45 8787 ± 16.29 5563 ± 5.53 2,868 ±11.81 
Average 305-day milk yield in 
first lactation, litres 
4929 ± 25.09 4678 ± 25.98 8117 ± 20.94 4776 ± 10.89 2,842 ± 14.11 
Average age at first calving, 
days 
972 ± 3.93 909 ± 31.44 873 ± 1.02 861 ± 1.21 873 ± 1.82 
Average calving interval, 
days 
475 ± 6.12 457 ± 28.77 429 ± 0.85 405 ± 0.88 494 ± 2.61 
      
 
 
Table 2 Number of common sires with daughters in multiple countries (first generation) and number of 
common ancestors (second and higher generations) 
 
Generation 
Holstein Jersey 
Kenya-South 
Africa 
Kenya- 
Zimbabwe 
South Africa-
Zimbabwe 
All three 
countries 
Kenya-South 
Africa 
      
1st generation  3  3  22    1  
2nd generation 16  9  37  9  15  
3rd generation 5  5  18  5  12  
4th generation 3  5  11  5  1  
5th generation 5  4  3  3  1  
6th generation 4  4  3  3  1  
7th generation 4  3  3  3    
Total common sires 40  33  97  28  31  
           
 
 
The EBVs for sires from the within-country evaluation were highly variable. The genetic trends in milk 
production and reproduction traits were based on the average EBV for sires from the across-country 
evaluation for Holsteins by country over a 15-year period (1985-2000) Although the national average milk 
production for Holsteins over the first five lactations within country was different (Table 1), the genetic trends 
for this trait in Kenya and South Africa were similar. Generally, the genetic trend in milk yield up to the fifth 
lactation did not show any change over the 15-year period (Figure 1). Sires in South Africa and Kenya 
exhibited a desirable trend in AFC (-14.21±0.51days/year) compared with Zimbabwe (Figure 2). However, 
there were greater fluctuations in this trait in Kenya compared with South Africa. As shown in Figure 3, 
undesirable positive trends were seen in Zimbabwe for CI1 (8.55 ± 1.05 days) compared with South Africa (-
1.84 ± 0.31 days).  
The genetic trends for Jerseys for production and early reproduction traits were similar to those seen 
in the Holsteins for Kenya and South Africa. 
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Table 3 Within and across-country genetic parameters (±SE) for 305-day milk production in first and all 
lactations, age at first calving and calving interval for Holsteins and Jerseys 
 
Genetic 
parameters 
Holstein Jersey 
Kenya South Africa Zimbabwe Across country Kenya South Africa 
Across 
country 
        
h
2
 of MY 0.10 ± 0.06 0.12 ± 0.02* 0.12 ± 0.03* 0.11 ± 0.01* 0.04 ± 0.05 0.19 ± 0.01* 0.17 ± 0.01* 
h
2
 of L1 0.25 ± 0.13 0.13 ± 0.02* 0.06 ± 0.03* 0.17 ± 0.02* NE 0.28 ± 0.04* 0.30 ± 0.03* 
h
2
 of AFC 0.19 ± 0.12 0.16 ± 0.03* 0.10 ± 0.04* 0.17 ± 0.02* NE 0.01 ± 0.01 0.01 ± 0.01 
h
2
 of CI1 0.24 ± 0.25 0.02 ± 0.01* 0.01 ± 0.03 0.05 ± 0.01* NE 0.04 ± 0.02* 0.04 ± 0.02* 
R for MY 0.34 ± 0.00* 0.39 ± 0.01* 0.15 ± 0.02* 0.30 ± 0.01* 0.24 ± 0.04* 0.46 ± 0.01* 0.38 ± 0.01* 
        
h
2
: heritability, R: repeatability, MY: milk yield across all lactations, L1: first lactation milk yield, AFC: age at first calving, 
CI1: interval between first and second calvings, NE: not estimable 
 *P <0.05 
 
 
 
Figure 1 Genetic trend in 305-day milk yield (litres) for Holsteins from across-country genetic evaluation by 
sire country of performance and birth year with standard error bars per year 
 
Figure 2 Genetic trend of Holstein sires for age at first calving (days) from the across-country genetic 
evaluation by sire country of performance and birth year with standard error bars per year 
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Figure 3 Genetic trend of Holstein sires for first calving interval (days) from the across-country genetic 
evaluation by sire country of performance and birth year with standard error bars per year 
 
 
Pearson’s correlation between EBVs of Holstein sires from within- and across-country analyses are 
presented in Table 4. Correlations were not derived in cases in which the within-country genetic variance 
and heritability estimates were non-significant (see Table 3).  
 
 
Table 4 Pearson’s correlation and mean reliability between estimated breeding values of Holstein and 
Jersey sires from within- and across-country analyses for sires whose estimated breeding value has 
minimum reliability of 0.30 
 
Country 
Holstein Jersey 
MY L1 AFC CI MY L1 AFC CI 
         
Kenya 
correlation ns ns ns ns ns ns ns ns 
reliability ns ns ns ns ns ns ns ns 
South 
Africa 
correlation 0.78 0.87 0.58 0.83 0.98 0.93 ns 0.88 
reliability 0.47 0.50 0.52 0.36 0.58 0.61  0.43 
Zimbabwe
1
 
correlation 0.74 0.81 0.90 ns     
reliability 0.45 0.38 0.41 ns     
          
MY: 305-day milk yield in five lactations; L1: 305-day milk yield in first lactation; AFC: age at first calving; CI1: interval 
between first and second calving; ns: non-significant or non-estimable genetic variance for the trait 
1 
no Jersey breed data from Zimbabwe were provided 
 
 
The selection intensity varied depending on the total number of sires available for selection in a 
country. Kenya had the lowest number for the two breeds (103 for Holsteins and 35 Jerseys), and hence had 
the lowest selection intensity. South Africa and Zimbabwe had 505 and 236 Holstein sires, and there were 
771 Jersey sires in South Africa. However, when information on sires with common ancestry was used 
across the countries, the pool of candidate sires for selection increased (844 Holsteins and 806 Jerseys), 
enabling a higher selection intensity to be applied. The intensity of selection of the top 5, 10, 25, 50, 75 and 
100 Holstein and Jersey sires that had a minimum EBV reliability of 0.30 within- and across-country is 
presented in Tables 5 and 6. 
A standard generation interval for sires across countries was assumed. Thus predicted genetic gains 
for 305-day milk yield and reproduction traits from the top 5 and 10 Holstein and Jersey sires are presented 
in Table 7 and Table 8. No genetic gains could be predicted from within-country analysis in countries where  
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Table 5 Selection intensity of top 5 to 100 Holstein sires from the within- and across-country genetic evaluations 
 
Evaluation 
Number 
of sires 
Top 5 sires Top 10 sires Top 25 sires Top 50 sires Top 75 sires Top 100 sires 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
              
Kenya 103 4.85% 2.03 9.71% 1.74 24.27% 1.28 48.54% 0.82 72.82% 0.45 97.09% 0.07 
South 
Africa 
505 0.99% 2.63 1.98% 2.40 4.95% 2.06 9.90% 1.76 14.85% 1.56 19.80% 1.40 
Zimbabwe 236 2.12% 2.35 4.24% 2.10 10.59% 1.72 21.19% 1.36 31.78% 1.12 42.37% 0.92 
Across-
country 
844 0.59% 2.80 1.18% 2.59 2.96% 2.27 5.92% 1.99 8.89% 1.81 11.85% 1.67 
              
 
 
Table 6 Intensity of selection of top 5 to 100 Jersey sires selected from the within- and across-country genetic evaluations 
 
Evaluation 
Number 
of sires   
Top 5 sires Top 10 sires Top 25 sires Top 50 sires Top 75 sires Top 100 sires 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
Proportion 
selected 
Selection 
intensity 
              
Kenya 35 14.29% 1.53 28.57% 1.16 71.43% 0.46       
South 
Africa 
771 0.65% 2.77 1.30% 2.56 3.24% 0.23 6.49% 1.95 9.73% 1.77 12.97% 1.63 
Across-
country 
806 0.62% 2.79 1.24% 2.57 3.10% 2.25 6.20% 1.97 9.31% 1.79 12.41% 1.65 
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Table 7 Predicted genetic gains per generation in milk production traits based on selection of Holstein and Jersey sires using within- and across-country 
genetic evaluations and assuming a generation interval of 5 years 
 
 305-day milk yield in first lactation, litres 305-day milk yield in five lactations, litres 
 
Genetic SD Acc 
Top 5 sires Top 10 sires 
Genetic SD Acc 
Top 5 sires Top 10 sires 
 PGG %PGG PGG %PGG PGG %PGG PGG %PGG 
             
Holstein
1
             
South Africa 398.77 0.70 734.59 81% 677.98 79% 436.21 0.69 786.98 85% 719.03 92% 
Zimbabwe 168.82 0.62 245.48 19% 218.54 21% 255.03 0.67 403.55 15% 359.27    8% 
Across-country 450.79 0.72 911.53 100% 841.93 100% 423.07 0.78 926.56 100% 782.53 100% 
Jersey
1,2
             
South Africa 398.77 0.87 965.10 96% 891.94 95% 436.21 0.81 839.95 91% 776.27 90% 
Across-country 450.79 0.88 1007.71 100% 928.92 100% 423.07 0.81 928.44 100% 855.85 100% 
             
Genetic SD: genetic standard deviation; Acc: accuracy; PGG: predicted genetic gain; %PGG: percentage of genetic gain from within-country vs. across-country evaluation  
1
 data from Kenya produced estimates of 0.0 for genetic variance in the within-country analysis 
2
 No data were available for Jersey in Zimbabwe 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
516 Opoola et al., 2020. S. Afr. J. Anim. Sci. vol. 50  
 
 
Table 8 Predicted genetic gains per generation in reproduction traits based on selection of Holstein and Jersey sires using within- and across-country 
genetic evaluations and assuming a generation interval of 5 years 
 
 Age at first calving (days) Interval between first and second calving (days) 
 
Genetic SD Acc 
Top 5 sires Top 10 sires 
Genetic SD Acc 
Top 5 sires Top 10 sires 
 PGG %PGG PGG %PGG PGG %PGG PGG %PGG 
             
Holstein
1
             
South Africa 31.76 0.79 65.80 86% 60.12 85% 13.19 0.60 20.82 49% 19.03 48% 
Zimbabwe
2
 26.93 0.65 41.16 14% 36.65 15%       
Across-country 37.77 0.72 76.37 100% 70.54 100% 23.06 0.66 42.90 100% 39.62 100% 
Jersey
1,3
             
South Africa       15.46 0.62 26.74 84% 24.72 84% 
Across-country       17.86 0.64 31.88 100% 29.39 100% 
             
Genetic SD: genetic standard deviation; Acc: accuracy; PGG: predicted genetic gain; %PGG: percentage of genetic gain from within-country vs. across-country evaluation 
1
 data from Kenya produced estimates of 0.0 for genetic variance in the within-country analysis 
2
 data from Zimbabwe produced estimates of 0.0 for genetic variance of calving interval of Holstein in the within-country analysis 
3
 all analyses produced estimates of 0.0 for genetic variance of age at first calving 
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trait genetic variance and heritability estimates were zero (all traits in Kenya, and CI1 in Zimbabwe) (Table 
3). In these cases, 100% benefit would be realized from across-country genetic evaluations compared with 
within-country. 
Phenotypically, the Holstein in South Africa and Zimbabwe had milk yield and age at calving more 
similar to those published by Theron and Mostert (2009) for Holsteins in South Africa. A higher age at first 
calving and higher milk yield than those obtained in this study were reported for Holsteins in Kenya by 
Muasya et al. (2014) and Menjo et al. (2009), who recorded cows calving for the first time at 1 058 days. The 
variations in AFC estimates may be owing to differences in the populations that were sampled. The 
significantly higher production of the Holsteins in South Africa relative to the other countries reflects their 
ability to produce high quantities of milk in sub-Saharan Africa when management conditions are probably 
close to optimal. The difference in milk production by Jersey cattle in Kenya and those of South Africa was 
not as large as that for Holsteins. Jersey cattle are smaller framed and are noted to be more adaptable to 
variable feeding regimes than are Holsteins. The reproductive performance of both Holstein and Jersey 
cattle was better in South Africa than in Kenya or Zimbabwe. There is a paucity of information on genetic 
evaluations of the Jersey breed in Africa. 
Within-country heritability estimates for milk production in South Africa were comparable with those 
obtained previously for the country’s Holstein population (Theron & Mostert, 2009). The estimates for first 
lactation milk yield were similar to those reported by Makgahlela et al. (2008). In Kenya, different heritability 
estimates were reported, depending on the type of production system in which the animals were reared. 
Ojango & Pollott (2002) reported an estimate of heritability for milk yield of 0.29 for animals raised on large-
scale commercial farms, whereas Muasya et al. (2014) reported a moderate heritability of 0.17 ± 0.29 for 
select populations of Holsteins from medium and large-scale farms. Wasike et al. (2014) reported a 
heritability of 0.13 ± 0.05 and a repeatability estimate of 0.16 (SE = 0.04) for milk yield in three parities for 
Holstein cattle from a combination of small, medium and large-scale herds in Kenya. In Zimbabwe, 
heritability estimates of 0.09 (SE = 0.03) and repeatability estimates of 0.17 (SE = 0.03) over three lactations 
of milk yield, and a heritability estimate of 0.10 (SE = 0.09) for the first lactation milk yield in Holsteins were 
reported (Imbayarwo-Chikosi et al., 2001). A heritability for 305-day milk yield (0.30 SE = 0.10) was reported 
for Jersey cows in Zimbabwe (Missanjo, 2010), whereas in Kenya a moderate heritability estimate for milk 
yield in Jersey cattle of 20% was recorded (Musani & Mayer, 1997) The lack of estimable heritability for the 
milk yield of Jerseys in Kenya in the current study may have been because of the reduced number of records 
that were analysed.  
Within-country heritability estimates for CI1 and AFC in South African Holstein were similar to those of 
a previous study on South African Holsteins (Makgahlela et al., 2007), despite differences in data. A low 
heritability estimate for CI1 was noted in studies on Holstein cattle raised under pasture-based systems 
(Olori et al., 2002). The moderate heritability for AFC in South Africa and Zimbabwe indicated potential for 
improvement of this trait through selection. Mostert et al. (2006) reported similar estimates for Jersey cows 
performing in South Africa (0.18; SE = 0.01).  
Despite the limited number of direct links across the three countries in the present study, substantial 
links were available through common ancestors. This reflects the trade and importation of sires for genetic 
improvement from several regions around the world into these countries. The most common sires in the two 
breeds were from the USA, Canada, New Zealand, The Netherlands, UK, and Australia.  
Variance components and genetic parameter estimates had higher accuracies in the across-country 
evaluations than within-country (Tables 7 and 8). Joint genetic evaluations increased the magnitude of the 
genetic parameter estimates and their accuracy, as reflected in lower standard errors associated with the 
estimates. Such evaluations generally help to increase the accuracy of selection where there is insufficient 
data in individual countries for a robust analysis. For instance, in the genetic links across these populations, 
the selection of sires on fertility traits for Kenya would be enhanced by joint evaluations using the larger 
quantity of data from South Africa. This would aid selection to attain first calving at a lower age and reduce 
days to second calving. 
More favourable genetic trends for milk production and reproduction traits as obtained in South Africa 
indicated that better genetic improvement measures and breeding policies were in place compared with the 
other two countries. This could be a reflection of South Africa’s involvement in the routine across-country 
gentic evaluations conducted by Interbull, combined with enhanced genetic evaluation procedures in the 
national dairy herd. Further improvement in the genetic trends observed in the present study requires 
adequate data collation and recording to enhance the effectiveness of genetic evaluations. The current 
results imply that slow and inconsistent genetic improvement strategies were in place, especially in Kenya 
and Zimbabwe. To enhance the genetic progress in various traits, farmers need to identify animals, and 
monitor and record their performance to inform selection decisions and advance their dairy herds positively. 
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Across-country genetic evaluations are routinely implemented in developed countries, based on multi-
trait models with data from various populations that are treated as separate, but correlated traits (Mark et al., 
2005). This accounts for the presence of genotype-by-environment interaction, which is manifested in less 
than unity genetic correlations between country pairs (Falconer, 1952). Although the types and amount of 
data to estimate genetic correlations accurately were not available, the authors derived genetic correlations 
based on the widely accepted method of Calo et al. (1973). These ranged from 0.58 to 0.83 for dairy sires 
with daughters between two countries. Mulder et al. (2006) suggested that a genetic correlation lower than 
0.60 may indicate the need to develop independent breeding programmes in each environment and country. 
Pearson’s correlations for milk production traits and the first calving interval in the current study were higher 
than 0.60 (Table 4), indicating that the countries would benefit from joint genetic evaluations and a common 
breeding programme.  
Joint genetic evaluations followed by across-country selection of the best animals might have several 
benefits, including sharing of resources and increased genetic gains. Across-country genetic evaluations of 
dairy cattle may provide the tools for more effective implementation of within-country breeding programmes, 
and trading of genetic material. In the present study, only sires were considered, and therefore the relative 
rate of genetic progress represents about 66% of the possible total, and probably the most accurate, 
because cow information was not incorporated. Hammami et al. (2009) and Nilforooshan (2011) reported 
increased genetic gains from across-country genetic evaluations of performance and fertility for traits with 
low heritability under different environments in developed countries. In the current study, genetic progress 
from across-country evaluation for Jerseys was not significant (Table 8), possibly because of the small 
sample size from Kenya. Because of the growing dairy industry in Kenya, and the revival of the sector in 
Zimbabwe, these two countries would benefit most from targeted regular across-country genetic evaluation 
of their dairy herds. South Africa, with the largest cattle population of the three countries, could accrue 
benefits from cross-country evaluations through increased trade in breeding animals. These across-country 
genetic evaluations are the first of their kind in sub-Saharan Africa and show the potential of this approach 
for improving dairy production in the region. 
 
Conclusions 
The feasibility of an across-country genetic evaluation using pooled data was demonstrated. The 
genetic parameter estimates from across-country analyses were more accurate than within-country 
estimates. Countries with limited yet genetically linked within-country data would benefit most from across-
country evaluations of production and fitness traits. Across-country genetic evaluations could provide robust 
genetic information that could enhance genetic progress and optimize future breeding strategies in sub-
Saharan Africa. As more data accumulates, the best approach would be to adapt more appropriate models 
that reflect the diverse production environments across sub-Saharan Africa with records from countries being 
treated as separate but correlated traits to account for genotype by environment interaction effectively. 
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